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Executive Summary 
We are a group of students at the University of Iowa with backgrounds in civil and 
environmental engineering as well as a variety of experiences with relevant design projects and 
coursework. This project was facilitated through our senior design capstone course and 
involved coordination with the City of Marquette, IA, and the Driftless Area Wetland 
Center. 
 
The City of Marquette expressed interest in expanding their existing trail systems to provide 
safe alternative transport for pedestrians and bicyclists to and from their downtown area. 
The city requested three areas be connected via trail: the Driftless Area Wetland Center, 
Bloody Run Campground, and Timber Ridge Subdivision. Our project to meet Marquette's overall 
goal of increased connectivity was divided into two separate phases. Phase One involves 
connecting an existing trail that runs along Edgar Street to the Driftless Area Wetland Center. 
The key challenge presented during the design of this phase was the crossing of U.S. Highway 
18. The design for Phase Two involves connecting the expanded trail from Phase One to the 
Bloody Run Campgrounds and the Timber Ridge Subdivisions which are located west of the 
wetland center. 

 
Through our research, consideration of constraints, and coordination with the Iowa 
Department of Transportation (DOT) and Department of Natural Resources (DNR), we have 
divided the potential trail routes into segmented alternatives that can accomplish the City's 
goals. Moreover, through our investigation of potential crossing methods we have identified 
three viable alternatives. Alternative One utilizes an existing box culvert that =crosses the 
highway; Alternative Two involves installation of a new box culvert that will function as an 
underpass; and Alternative Three implements a surface pedestrian crossing. We have utilized 
3D modeling to visually compare the alternative routes and compiled cost estimations for 
financial comparisons/considerations. In addition to this design report, we have provided design 
drawings, a slide presentation, and a design summary poster. 

 
The challenges we faced during our design process included navigating property ownership and 
existing utilities around the site, crossing a U.S. highway, and the presence of wetlands along 
with other challenging terrain. Our constraints included a strict submission deadline and the 
location of the highway, surrounding railroad network, and wetlands as these cannot be 
moved. 

 
Design commenced February 6, 2023, and all deliverables were finished and submitted on May 
5, 2023. The total project cost will depend on the selected trail segments and crossing 
method however, we have prepared a recommended comprehensive trail system. The total 
project cost for our recommended trail route/crossing method is $757,000. 
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Organization Qualifications and Experience 
 

Organization and Design Team Description 
We are a group of Civil and Environmental Engineering students in the design capstone class 
at the University of Iowa. 

 
Name: Max Abbott 

Team Role: Project Manager 
Area of Study: Environmental Engineering 
Lead Category: Coordination and Hydrology 

 
Name: Ben Witzig 

Team Role: Technology Service 
Area of Study: Civil Engineering 

Lead Category: Transportation design and Water Resources 
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Name: Shimin Xu 
 

Team Role: Report Production (graphics) 
Area of Study: Civil Engineering 

Lead Category: Transportation design and practice 

Name: Mason Welter 

 
 
 
 
 
 
 

Team Role: Report Production (text) 
Area of Study: Civil Engineering 

Lead Category: Structural 
 
 

Design Services 
Project Scope 
The overall objective of this project was to provide feasible design alternatives for a trail that 
connects the downtown area of Marquette, IA ,to three key locations: the Driftless Area 
Wetland Center (DAWC), the Timber Ridge Subdivision, and the Bloody Run Campground. The 
routing of the designed trail system is centered around the mandatory crossing of U.S. Highway 
18 that is required to connect an existing trail segment that cuts off North of the highway to the 
DAWC located south of the highway. Key locations are shown in Figure 1. 
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Figure 1: Key locations to increase connectivity in Marquette. 

 
 

A crucial component of this project was to determine valid methods for accomplishing this 
crossing. Additionally, we sought to identify permits, potential property acquisitions, and trail 
features/components required to initiate and accomplish the construction of the designed trail 
routes. 

 
Work Plan 
A time breakdown of the design work phases is shown in Figure 2. 

Figure 2: Project work phase breakdown. 
 

Methods and Design Guides 
The team used the following guidelines and standards to complete this project: 

• Iowa Statewide Urban Design and Specifications 
• AASHTO Greenbook 
• Manual on Uniform Traffic Control Devices 
• AASHTO LRFD Bridge design Specification, 8th edition 
• Iowa DOT Precast Box Culvert Standards 
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Constraints, Challenges, and Societal Impact 
Although the City of Marquette granted the team creative freedom, the project had many 
constraints and challenges. The project was required to provide an alternative mode of 
transportation between the city's downtown area and the Driftless Area Wetlands Center 
(DWAC) that is safe, walkable, bikeable, and cost efficient. The project also needed to expand 
the existing trail systems around DAWC to connect with the Bloody Run Campground and 
Timber Ridge Subdivision. Unfortunately, Highway 18 and the Canadian Pacific Railroad runs 
between the downtown area and the DAWC. This limited the routing possibilities of the 
proposed trail expansion because the City of Marquette does not have authority to disrupt the 
highway or railroad. Another challenge presented during this project was the various wetland 
protected areas at the site. Building a trail through a wetland protected area is difficult 
because it requires permission from the IDNR and adherence to strict design standards. Our 
team also had to plan around the existence of a storm sewer network located along Highway 
18. 

 
This project has the potential to have a great impact on the people of the surrounding 
community. Members of the community who utilize the trails will receive many low-cost health 
benefits from walking and biking. Easier access to the DAWC can help provide people with an 
educational experience about their local environment. The expanded trail system will also have 
great impacts on the community's economy. Easy, low-cost access from the downtown area to 
existing trail systems and subdivisions will increase the flow of commerce, create and support 
employment, and reduce the cost of commuting within the community. The project may even 
increase public revenues as trails add value to properties within the community. 

 
Design Alternatives 
Because we were not provided with an initial project budget, our group took the approach of 
designing multiple alternatives to give the city flexibility with the future handling of this project. 
We have categorized our alternative design concepts based on potential crossing methods. The 
trail can be linked together using different segments to achieve the City's connectivity goals 
depending on the selected crossing method. In total there are three potential crossing 
methods/locations and each crossing alternative presents unique challenges and upsides. The 
potential crossing methods include utilization of an existing box culvert, construction of a new 
box culvert, and construction of a pedestrian surface crossing. The location of these crossings 
will affect the combination of trail segments that connect the trail to key locations. Utilizing the 
existing culvert will require the trail to run north of Highway 18. The challenges associated 
with routing the trail using segments north of Highway 18 include navigating a protected 
wetland, commercially owned property, and utilizing the DOT right of way while still 
maintaining an appropriate buffer between the road and the trail. The other two crossing 
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alternatives (new culvert and pedestrian surface crossing) will allow the trail to run south of 
Highway 18. Challenges associated with the southern oriented trail segments include avoiding 
the railroad right of way and crossing a small creek. The southern trail routes are favorable 
due to the avoidance of wetlands and commercially owned property. 

 
Challenges associated with utilizing the existing 10 FT. X 12 FT. culvert include raising the 
culvert to allow for proper drainage, grading of the trail leading into the culvert to comply with 
ADA requirements and providing adequate lighting within the culvert for nighttime usage. 
Because the existing culvert is located roughly 0.3 miles west of the DAWC this crossing 
alternative would require the trail to backtrack and add additional time of travel for people to 
access safe crossing to/from the DAWC to the main trail. The location along with an image of 
the existing culvert and potential ground elevation measures are shown in Figures 3 and 4. 

 

Figure 3: Location of existing culvert. 
 
 

Figure 4: Existing culvert and proposed ground elevation technique. 
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Installation of a new culvert will cost the most out of the three alternatives. Depending on the 
method of installation the highway may need to be shut down. A trenchless installation via 
hydraulic jacking would not require a complete shutdown but open-cut excavation would 
require a complete shutdown and detouring of the highway. However, this alternative will 
allow for the crossing to take place closer to the DAWC than other alternatives. Our selected 
location for the installation of a new culvert is shown in Figure 5 and an example of what this 
culvert may look like after construction is presented in Figure 6. 

 

Figure 5: Proposed new culvert location. 
 
 
 
 

Figure 6: Conceptual visual of new culvert. 
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Using a pedestrian crosswalk to cross the highway will require additional permitting and 
clearance with the DOT regarding safety concerns. This alternative allows for crossing to take 
place relatively close to the DAWC. Additionally, the costs associated with this alternative are 
low compared to other alternatives. We recommend that if this alternative is pursued by the 
city, a speed limit reduction from 45/55 mph to 35 mph is requested from the DOT. 
Ultimately, this will be a decision that must be cleared by the DOT but can be initially requested 
by anyone. The proposed location for the surface crossing is shown in Figure 7 and a visual of 
what the crossing may look like is shown in Figure 8. 

 

Figure 7: Proposed pedestrian crossing location. 
 
 

Figure 8: Conceptual visual of new pedestrian crosswalk. 
 
 

Assuming funding is not a constraint on the trail design, our group recommends Alternative 2, 
installation of a new box culvert, as the preferred crossing method. We believe this is the most efficient, 
safe, and viable crossing method. 
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Final Design Details 
Shared Use Trail 
Trail 
The trail was designed using Civil 3D and following Iowa SUDAS 12B-2 design guidelines. It was 
considered a Type 3 recreational trail. Figure 9 shows a typical cross section of the trail. 

Figure 9 
 
 

The trail was designed in segments to allow for flexibility in the final routing of the trail. The 
segment breakdown is given in Figure 10. 

 
Figure 10: Trail segment breakdown. 

 
 

Depending on the selected crossing alternative, different trail segments can be utilized to 
assemble a final design route. We have provided a recommended trail route that we think is the 
safest, most efficient, and most scenic route. This route requires installation of a new box 
culvert and is shown in Figure 11. 
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Figure 11: Recommended trail route. 

 
 

Small Culverts 
Utilization of the southern trail segments requires crossing a small stream to get to the Bloody 
Run Campground. To accomplish this, two small culverts are implemented into the design to 
allow the trail to cross over the stream without disturbing its flow. The culverts were sized 
using flow data obtained from StreamStats in combination with the Hydraflow Civil 3D 
extension. These culverts are considered to be minor project features; thus they were designed 
using 50% flood flow of 96.6 cfs. After inputting required flow and elevation data Hydraflow 
returned a necessary culvert diameter of 12' to accomplish the stream crossing without 
significantly disrupting flow. A safety factor of 1.25 was used to arrive at final culvert diameters 
of 15'. Corrugated metal culverts were selected for ease of installation. 

 
Highway Crossing 
Existing Culvert 
The existing culvert is a 10 FT. X 12 FT. box culvert. According to the city, it rarely has consistent 
water flow. However, to accommodate potential low flow conditions, the trail surface will be 
raised using galvanized steel safety grate grip struts. Additional lighting is recommended for the 
existing culvert to promote safety and nighttime trail usage. 
 
New Box Culvert 
The installation of a new boxed culvert, allowing pedestrians to travel underneath US Highway 
18, involves the use of a trenchless construction method called hydraulic jacking. The proposed 
design of the culvert is a 10' x 10' pre-cast reinforced concrete boxed culvert that will span 60- 
70 feet. The dimensions were chosen to allow ample space for both walking and biking. This 
design follows the Iowa DOT Standard Design for Single Precast Reinforced Concrete Boxed 
Culverts. A typical cross section of the barrel section design is included in Appendix B, as well as 
the design dimensions and reinforcement requirements. The final barrel design was developed 
by following the Barrel and End Section Design Methodology in the Iowa DOT Precast Box 
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Culvert Standards. A LRFD software for boxed culverts, called Eriksson Culvert, was used for 
determining and analyzing resistance factors, reinforcing layout, critical sections, reinforcing 
wire diameter and maximum spacing, strength-level flexural reinforcing requirements, crack 
control requirements, minimum and maximum reinforcing requirements, and shear capacity. 
All calculations in the program operate in accordance with AASHTO LRFD Bridge Design 
Specifications 8th Edition. All physical dimensions, material properties, and loads that were input 
into the program are pictured in Appendix C. All design analysis is summarized in a report 
located in Appendix D. 

 
Surface Pedestrian Crossing 
The least costly alternative for crossing Highway 18 involves implementation of a pedestrian 
surface crossing. Our team coordinated with the Iowa DOT to determine the best location for a 
potential surface crossing and what would be needed to successfully install one. We were 
informed that the Iowa DOT would cover the cost for signage and handle installation. In total, 
four signs would be installed. Examples of these signs are shown in Figure 12. 

 
Figure 12: Required dot pedestrian crossing signage. 

 
However, before the DOT approves a new crosswalk, it would need to be painted, meet 
ADA requirements, and additional coordination with the DOT regarding safety would need to 
take place. There are two options for additional lighting to increase crosswalk safety and 
visibility. Option 1: Intersection lighting will require a permit from the DOT and installation 
and operation (electricity) would have to be paid for by the city (Figure 13). 

 

Figure 13: Conceptual street lighting visual. 
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Option 2: Rectangular Rapid Flashing Beacon (RRFB) also requires a permit from the DOT and 
costs for initial purchase, installation, maintenance, and operation (Figure 14). 

 
Figure 14: Example of a Rectangular Rapid Flashing Beacon (RRFB). 

 
Both lighting options, which provide necessary safety, are included in our final design costs. 

 
Permitting Summary 
Various permits will be required during the pursuit of trail construction. A summary of required 
permits is presented in Table 1. 

Table 1: Required Permits 
Purpose Permit Link 
Construction in 
and around 
wetlands/floodpl 
ains 

Joint Application 
Permit 

- Form: 
https://www.iowadnr.gov/Portals/idnr/uploads/ 
forms/5423234.pdf 

- Fact Sheet: 
https://www.nrcs.usda.gov/sites/default/files/2 
022- 
09/Permit%20Fact%20Sheet%20January%20202 
0.pdf 

Trail within DOT 
Right-Of-Way 

Form 632007: 
Application for Use 
of Highway Right of 
Way for 
Recreational Trail 
Operation 

- https://iowadot.seamlessdocs.com/sc/?size=n_10_n&q= 
632007&filters%5B0%5D%5Bfield%5D=type&filters%5B0 
%5D%5Btype%5D=any&filters%5B0%5D%5Bvalues%5D 
%5B0%5D%5B0%5D=Form 

- Search "632007" 

Utilities 
accommodations 
in Right-Of-Way, 
including 
addition of 
intersection 
lighting and 
RRFBs. 

Form 810025: Utility 
Accommodation 
Permit 

- Search "810025" 
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Engineer's Cost Estimate 
Cost estimates are provided for each potential trail segment and crossing alternative. 
Additionally, we have provided a cost estimate for our comprehensive recommended trail 
design which includes the installation of a new box culvert, a southern-based trail route, and 
other minor features such as small stream crossing culverts and fencing. Our cost data was 
obtained from Iowa DOT bid tabs, an example cost estimate provided to us by a city engineer 
from Iowa City, RSmeans cost handbook, and online vendors. Our estimates include materials, 
equipment, overhead, profit, and labor. The following tables summarize our cost estimate, 
and the comprehensive cost breakdowns are provided in Appendix A. 

 
Table 2: Crossing Alternative Cost Estimates 

Crossing Alternative Cost 

New Underpass $261,000 

Existing Underpass $53,000 

Crosswalk $15,000 
 

Table 3: Trail Segment Cost Estimates 

Trail Segment Cost 
1 $71,000 

2 $128,000 

3 $85,000 

4 $166,000 

5 $132,000 

6 $51,000 
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Table 4: Recommended Trail Cost Estimate 

Design Element Cost 
Trail and Trail Elements $370,000 

New Underpass $261,000 
Total Project Cost $631,000 

Total Project 
Cost (20% Contingency) $757,000 
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Appendices 
Appendix A 
The raw cost data and contributing line items are provided below. Cost data was obtained from 
Iowa DOT bid tabs, an example cost estimate provided to us by a city engineer from Iowa City, 
RSmeans cost handbook, and online vendors. 
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Appendix B 
Typical cross section of the of barrel section design with summary of dimensions and 
reinforcement strength. 
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Appendix C 
Physical dimensions, material properties, and load assumptions utilized in the Eriksson Culvert 
program for the design of culvert.
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Appendix D 
Analysis and results for culvert resistance factors, reinforcing layout, critical sections, 
reinforcing wire diameter and maximum spacing, strength-level flexural reinforcing 
requirements, crack control requirements, minimum and maximum reinforcing requirements, 
and shear capacity developed from Eriksson Culvert software. 
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